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ABSTRACT:
Wind tunnels are powerful tools when studying wind-structure interaction problems. The design and construction of
a new atmospheric boundary layer wind tunnel involves various assumptions and intricacies depending on the windfield requirements, and spatial, budgetary, and technological constraints. This paper describes the process involved in
the design and development of a new small-scale atmospheric boundary layer wind tunnel in the Laboratory for Wind
Engineering Research (LWER) at Florida International University (FIU). A model of the wind tunnel was initially
built to verify scaled-down wind field characteristics. The design was proven to be adequate based on the model and
consequently the construction of the proposed small-scale wind tunnel was completed. The wind field characteristics
of the wind tunnel based on smooth flow condition are presented.
Keywords: Atmospheric boundary layer, Wind tunnel design, Wind field measurements, Large-scale testing, open
circuit.

1. INTRODUCTION
Wind tunnels are essential tools when studying the effect of wind on buildings and other structures.
Despite the developments in the field of Computational Fluid Dynamics (CFD), wind tunnels are
still one of the most reliable tools for wind simulations. This paper discusses the process adopted
in building a new atmospheric boundary layer (ABL) wind tunnel from conceptualization to design
and construction. A typical ABL wind tunnel simulates the flow in the atmosphere between the
earth surface and the gradient height. This is achieved through a combination of a fan system for
initiating the air flow, a specially designed duct for treating the flow, and components such as
spires and roughness elements for achieving the required velocity profile and turbulence
characteristics. The design of these components is governed mainly by the test section velocity,
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test section dimensions and fan power. The design of several components involved in the flow
treatment is based on empirical data and literature from earlier designs of similar wind tunnels.
The target velocity for the wind tunnel under consideration was 33 ft/s (10 m/s) and the test section
dimensions were 8 ft wide by 6 ft high. The construction of the new wind tunnel was completed,
and preliminary measurements of the wind field were carried out. The results of the tests for
smooth flow condition, i.e., without any spires or roughness elements are discussed in this paper.
2. METHODOLOGY
The construction process of a wind tunnel may vary depending on factors such as space
restrictions, wind speed, test section dimensions, type of wind tunnel, etc. The two major factors
that dictated the overall design of the proposed wind tunnel were the availability of space to
construct the wind tunnel (i.e. approximately 60 ft) and the use of two fans that were available at
the Laboratory for Wind Engineering Research at FIU. The type that was selected was a blowdown
open circuit wind tunnel, which is comprised of several components/sections, such as fans, a
diffuser, a settling chamber, a contraction and a fetch. The process to design the wind tunnel started
by designing each individual component based on the fan capacity to generate a target wind speed.
The fans were 75 hp each and had an inlet diameter of 55 inches resulting in a capacity of
approximately 130,000 cfm. Taking into consideration the available capacity of the fans it was
estimated that the wind tunnel could be designed to achieve a constant wind speed of 33 ft/s at the
turntable located at the end of the fetch section. The section attached right next to the fans, the
wide-angle diffuser, was designed to expand the area where the airflow enters to slow it down to
reduce, as much as possible, any turbulence induced by the blades of the fans. The design of this
section is critical as if it is not carefully determined, separation may occur, and considerable
turbulence could be introduced into the airflow. To ensure a reduction of airflow speed and thus
diminishing possible separation zones, several screens of different sizes were installed inside it
(Mehta, 1979). The wide-angle diffuser expands the inlet area by a ratio of 1 to 2 where it then
gets attached to the next section providing a cross-sectional area of 12 ft by 8 ft width and height.
The settling chamber is the section taking the flow coming from the diffuser section and further
treats the flow for reducing the flow’s turbulence and any separation that might have been
developed in the diffuser by means of fine screens and a honeycomb wall (Dommelen et al., 2013).
This section’s main purpose is to achieve a homogenous flow across the entirety of the 12 ft by 8
ft cross-sectional area that will be fed to the contraction section. The contraction section is
responsible for accelerating the smooth flow fed from the settling chamber and diffuser (Mauro et
al., 2017). This section reduced the cross-sectional area by a ratio of 2:1 providing an outlet area
of 8 ft wide by 6 ft high. This section, like the diffuser, is critical as due to the curvature, it can
induce separation zones that could introduce significant turbulence into the flow (Marshall, 1985).
The last section attached to the contraction is the fetch, which is responsible for housing the floor
roughness, castellated-walls, and spires to achieve the required boundary layer characteristics. At
the end of this section, a turntable of 7.5 ft diameter was installed for the models to be rotated
during testing.

3. PRELIMINARY RESULTS
The first wind field measurements were carried out without any roughness elements, spires or
castellated walls upstream of the test section. For this, 13 pitot tubes and 4 Cobra Probes were
installed at the centre of the fetch section in front of the turntable. The heights were 1, 2, 3, 5, 7,
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9, 21, 26, 31, 36, 41, 46 and 71 in for the pitot tubes and 4, 18.5, 38.5 and 64.5 in for the cobra
probes. Preliminary results (Figure 1 and Figure 2) show a smooth flow with no induced turbulence
due to separation at any critical section. The 33 ft/s (10 m/s) target wind speed was also achieved
as originally planned in the design. These preliminary results provide assurance to continue with
the ongoing calibration process without any unwanted interference in the flow.

Figure 1. Wind speed profile

Figure 2. Turbulence intensity profile

4. CONCLUSION
A blow-down open-jet wind tunnel was conceptualized, designed and constructed at the
Laboratory for Wind Engineering Research at FIU. The fans, diffuser, settling chamber,
contraction and fetch were designed according to site and cost limitations. The final design
produced a 48 ft long wind tunnel with a test section of 8 ft wide by 6 ft high. Preliminary results
indicate a smooth (low turbulence) flow that will be further studied by adding the necessary for
the ABL wind field spires and roughness elements.
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